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We combine results from searches by the CDF and DO collaborations for a standard  model Higgs 
boson (H ) in the process gg —s- H  —s- W +W ~  in pp collisions at the Fermilab Tevatron Collider at 
\/s = 1.96 TeV. W ith  4.8 fb-1 of integrated luminosity analyzed at CDF and 5.4 fb-1 at DO, the 
95% Confidence Level upper limit on o(gg —> H) x B(H —s- W +W~) is 1.75 pb at m n = 120 GeV, 
0.38 pb at m-H =  165 GeV, and 0.83 pb at niH =  200 GeV. Assuming the presence of a fourth 
sequential generation of fermions w ith large masses, we exclude at the 95% Confidence Level a 
standard-m odel-like Higgs boson w ith a mass between 131 and 204 GeV.
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Exploring the mechanism for breaking the SU( 2) x 
U( 1 ) electroweak gauge symmetry is a priority in high en­
ergy physics. Not only are this symmetry and its break­
ing [1 ] necessary components for the consistency of the 
successful standard model (SM) [2], but measurable prop­
erties of the breaking mechanism are also very sensitive 
to possible phenomena that have not yet been observed 
at collider experiments. Measuring these properties, or 
setting limits on them, can constrain broad classes of ex­
tensions to the SM.
A natural extension to the SM that can be tested with 
Higgs boson search results at the Fermilab Tevatron Col­
lider is the presence of a fourth generation of fermions 
with masses much larger than those of the three known 
generations [3]. While fits to precision electroweak data 
favor a low-mass Higgs boson in the SM, the addition of 
a fourth generation of fermions to the SM modifies the fit 
parameters such that a heavy Higgs boson is consistent 
for up to niff «  300 GeV at the 6 8% Confidence Level 
(C.L.) [4]. Measurements of the Z  boson decay width [5] 
exclude models in which the fourth neutrino mass eigen­
state has a mass less than 45 GeV. If the neutrino masses 
are very large, however, a fourth generation of fermions 
is not yet excluded.
One consequence of the extra fermions is that the ggH  
coupling is enhanced by a factor of roughly three rela­
* Deceased
tive to the SM coupling [4, 6 , 7]. Since the lowest-order 
ggH  coupling arises from a quark loop. The top quark 
contribution is the largest due to its large coupling with 
the Higgs boson. In the limit m q4 m#, where m q4 
is the fourth-generation quark mass, the Higgs boson 
coupling cancels the mass dependence for each of the 
three propagators in the loop, and the contribution to 
the ggH  coupling becomes asymptotically independent 
of the masses of the two fourth-generation quarks. Each 
additional fourth-generation quark then contributes as 
much as the top quark, and the ggH  coupling is thus 
enhanced by a factor K e of approximately three.
The production cross section will be enhanced by a 
factor of Jig. For m u  near the low end of our search 
range, m u  ~ 110 GeV, the g g —>• H  production cross 
section is enhanced by roughly a factor of nine rela­
tive to the SM prediction. This factor drops to ap­
proximately 7.5 near the upper end of the search range, 
niH ~ 300 GeV, assuming asymptotically large masses 
for the fourth-generation quarks. The reason for this 
drop is that the denominator of the enhancement factor, 
the SM cross section, has a larger contribution from the 
SM top quark as m u  nears 2m t. The partial decay width 
for H  —>• gg is enhanced by the same factor as the produc­
tion cross section. However, because the decay H  —>• gg 
is loop-mediated, the H  —> W +W ~  decay continues to 
dominate for Higgs boson masses m u  > 135 GeV.
We consider two scenarios for the masses of the fourth- 
generation fermions. In the first scenario, the “low-mass” 
scenario, we set the mass of the fourth-generation neu-
7trino to m„4 = 80 GeV, and the mass of the fourth- 
generation charged lepton to me4 = 100 GeV in or­
der to evade experimental constraints [8] and to have 
the maximum impact on the Higgs boson decay branch­
ing ratios. In the second scenario, the “high-mass” sce­
nario, we set m„4 = me4 = 1 TeV, so that the fourth- 
generation leptons do not affect the decay branching ra­
tios of the Higgs boson. In both scenarios, we choose 
the masses of the quarks to be those of the second sce­
nario in Ref. [7], that is, we set the mass of the fourth- 
generation down-type quark to be 11144 = 400 GeV and 
the mass of the fourth-generation up-type quark to be 
ni'vá = m d4 + 50 GeV + 10 log (mjj/115 GeV) GeV. The 
other mass spectrum of Ref. [7] chooses 11144 = 300 GeV, 
resulting in slightly larger predictions for a(gg —> H). 
We use the next-to-next-to-leading order (NNLO) pro­
duction cross section calculation of Ref. [7], which builds 
on the NNLO SM calculations of Refs. [9-16], the results 
of which are also listed in Ref. [17].
The CDF and DO Collaborations have searched for the 
SM Higgs boson in the decay H  —> W +W ~  using all SM 
production processes: gg —>• H, qq —>• W H , qq —> Z H ,  
and vector-boson fusion (VBF) [18-20]. The results of 
these searches for the SM Higgs boson cannot be used di­
rectly to constrain fourth-generation models, as the ggH  
coupling is enhanced but the W W H  and Z Z H  couplings 
are not, and the signal acceptances and the backgrounds 
in the multiple analysis channels differ for the various 
production modes. Therefore, these searches rely on the 
SM to predict the ratios of the production rates of the 
gg —> H, W H , Z H ,  and VBF signals. Previous external 
analyses have used the Tevatron’s SM Higgs boson search 
results to constrain fourth-generation models, incorrectly 
arguing that the W H , Z H , and VBF production rates 
are not significant, thus obtaining only approximate re­
sults. Furthermore, the SM results [18-20] extend only 
up to m n  of 200 GeV. This paper addresses both of these 
issues by placing limits on a(gg —> H ) x B ( H  —> W +W ~  ) 
up to inn  = 300 GeV.
Previously, the CDF and DO collaborations have pub­
lished searches for the process gg —>• H  —>• W +W ~ ,  
also neglecting the W H , Z H ,  and VBF signal contribu­
tions [21, 22]. The DO search includes a fourth-generation 
interpretation. Here we update these searches with those 
using 4.8 fb- 1  from CDF [18] and 5.4 fb- 1  from DO [19]. 
We present new limits on a(gg —> H) x B (H  —> W +W ~ )  
in which the g g —>• H  production mechanism is considered 
as the unique signal source. These limits are compared to 
models for Higgs boson production in which the ggH  cou­
pling is enhanced by the presence of a single additional 
generation of fermions. In this comparison, the decay 
branching ratios of the Higgs boson are also modified to 
reflect changes due to the fourth generation relative to 
the SM prediction. While the decays of the heavy quarks 
and leptons may include W  bosons in the final state, 
we do not include these as additional sources of signal. 
The branching ratios for H  —> W +W ~  are calculated 
using HDECAY [23] modified to include fourth-generation
fermions [4]. The modified Higgs branching ratio to 
W +W ~  is multiplied by the cross section [7] to predict 
the fourth-generation enhanced gg —>• H  —>• W +W ~  pro­
duction rate.
The event selections are similar for the corresponding 
CDF and DO analyses. Both collaborations select events 
with large $ T and two oppositely charged, isolated lep­
tons, targeting the H  —> W +W ~  signal in which both 
W  bosons decay leptonically. The DO analysis classifies 
events in three channels defined by the number of charged 
leptons (e or ¿t), e+e~, and ytt+ fj,~ and no classi­
fication based upon jet multiplicity. The CDF analysis 
separates opposite-sign candidate events into five non- 
overlapping channels. Events are classified by their jet 
multiplicity (0 , 1 , or > 2 ), and the 0 and 1 jet channels 
are further divided according to whether both leptons are 
in the central part of the detector or if either lepton is 
in the forward part of the detector. Two changes have 
been made in the DO event selection from the analysis 
presented in Ref. [19]. For higher Higgs boson masses 
(n iH  > 200 GeV), the dilepton azimuthal-opening angle 
distribution is no longer peaked at low values ( A () < 
1). Therefore, to enhance the signal acceptance for large 
niH, the requirement on the dilepton azimuthal-opening 
angle Í)] has been removed for candidate
events and relaxed to A () < 2.5 in the e+e~ and 
ytt+ytt- candidate events. In addition, a requirement on 
the (/»-opening angle between the leading muon and the 
missing transverse energy, A</>(/¿, $ T ) > 0.5, has been in­
cluded to remove additional background in a signal-free 
region. The predicted contributions from the different 
background processes are compared with the numbers of 
events observed in data for the CDF and DO analyses in 
Tables I and II, respectively.
The presence of neutrinos in the final state prevents 
event-by-event reconstruction of the Higgs boson mass 
and thus other variables are used for separating the 
signal from the background. For example, the angle 
A4>{(, () in signal events is smaller on average than that 
in background events, the missing transverse momen­
tum is larger, and the total transverse energy of the jets 
is lower. In these analyses, the final discriminants are 
neural-network (NN) [24, 25] outputs based on several 
kinematic variables. For CDF, the list of network in­
puts includes likelihood ratio discriminant variables con­
structed from matrix-element probabilities [18].
Both CDF and DO have extended their searches to the 
range 110 < iiih < 300 GeV. Separate neural networks 
are trained to distinguish the gg —>• H  signal from the 
backgrounds for each of the test masses, which are sepa­
rated by increments of 5 or 10 GeV. Distributions of the 
network outputs for CDF and DO are shown in Figs. 1 
and 2, comparing the data with predictions for a Higgs 
boson of mass m u  = 200 GeV. Because the background 
composition and the signal kinematics are functions of 
the number of jets in the event, the CDF NN output dis­
tributions are shown separately for 0 , 1 , and 2 or more 
jets, summed over lepton categories. For DO, as the de-
8TABLE I: Expected and observed event yields in the 0-jet exclusive, 1-jet exclusive, and 2-jet inclusive samples at final 
selection for the CDF analysis summed across all lepton categories. The system atic uncertainty is shown for all samples. The 
signal expectation is given for the low-mass fourth-generation scenario w ith a SM Higgs mass of 200 GeV w ith a predicted 
a(gg H ) x B R (H  W + W ~ )  of 1.02 pb.
CDF R un II 
ƒ  £  =  4.8 fb - 1 0 -jet 1-jet >  2 -jets
z / 7 * t + r 128 ±  30 133 ±  42 51 ±  17
tt 1.99 ±  0.31 48.4 ±  7.6 145 ±  24
W W 447 ±  48 121 ±  13 25.6 ±  5.8
W Z 19.7 ±  2.7 20.0 ±  2.7 5.30 ±  0.73
Z Z 29.9 ±  4.1 8 .0  ±  1 .1 2.36 ±  0.32
W  + je ts 154 ±  37 59 ±  15 21.9 ±  5.9
W'y 112 ±  19 16.2 ±  3.6 2.72 ±  0.67
Total Background 893 ±  79 406 ±  52 254 ±  33
g g ^  H  (M h  =  200 GeV) 35.2 ±  5.0 20.2 ±  5.1 8.5 ±  5.1
D ata 950 393 224
TABLE II: Expected and observed event yields in each channel at the final selection for the DO analysis summed across all jet 
multiplicities. The system atic uncertainty after fitting is shown for all samples at final selection. The signal expectation is given 
for the low-mass fourth-generation scenario w ith a SM Higgs mass of 200 GeV w ith a predicted a(gg —y H ) x B R (H  —y W +W ~ )  
of 1 .0 2  pb.
DO R un II 
f £  =  5.4 fb^ 1 e+e A' V
Z/'y* —s- e+ e~ < 0.1 370 ± 24 —
Z / 7 * -► p +p r 7.0 ± 0 .1 - 2056 ± 58
Z ¡ 7 * —S- T+T~ 28.0 ± 0 .2 0 .8 ± 0 .1 6.9 ± 0 .6
tt 176 ± 15 58.9 ± 5.5 74.9 ± 6 .8
W W 304 ± 18 1 0 2 ± 7.3 145 ± 11
W Z 13.4 ± 0 .2 18.1 ± 1 .0 31.4 ± 2 .0
Z Z 1 .1 ± 0 .1 15.2 ± 0.9 26.9 ± 1.7
W  + je t s / 7 156 ± 12 154 ± 14 118 ± 13.7
M ultijet 10.4 ± 2.5 1.4 ± 0 .1 72.7 ± 13.7
Total Background 696 ± 26 720 ± 32 2532 ± 58
gg —y H  (M h  =  200 GeV) 36.5 ± 5.4 15.8 ± 2 .2 19.0 ± 2.9
D ata 684 719 2516
tector response is different for electrons and muons, the 
NN distributions are shown separately for e+e-, 
and n + selections.
The details of the signal and background estima­
tions and the systematic uncertainties are provided in 
Refs. [18-20]. We set limits on a(gg —y H) x B (H  —y 
W + W - )  as a function of m u-  We use the same two 
statistical methods employed in Ref. [20], namely the 
modified frequentisi (CLS) and Bayesian techniques in 
order to study the consistency of the results. Each 
method is applied at each test mass to calculate an ob­
served upper limit on a(gg —y H ) x B (H  —y W +W ~).  
Pseudo-experiments drawn from systematically varied 
background-only predictions are used to compute the 
limits we expect to obtain in the absence of a signal. 
We present both the Bayesian and CLS observed and ex­
pected limits in Ref. [17]. The limits calculated with 
the two methods agree within 6% for all Higgs boson 
mass hypotheses. Correlated systematic uncertainties
are treated in the same way as they are in Ref. [20]. 
The sources of correlated uncertainty between CDF and 
DO are the total inelastic pp cross section used in the 
luminosity measurement, the SM diboson background 
production cross sections (W W , W Z , and Z Z ) ,  and 
the tt and single top quark production cross sections. 
Instrumental effects such as trigger efficiencies, lepton 
identification efficiencies and misidentification rates, and 
the jet energy scales used by CDF and DO remain un­
correlated. To minimize the degrading effects of sys- 
tematics on the search sensitivity, the signal and back­
ground contributions are fit to the data observations 
by maximizing a likelihood function over the system­
atic uncertainties for both the background-only and sig- 
nal+background hypotheses [26]. When setting limits 
on a(gg —> H) x B (H  —> W +W ~),  we do not in­
clude the theoretical uncertainty on the prediction of 
a {gg —> H) x B (H  —> W +W ~ )  in the fourth-generation 
models since these limits are independent of the pre-
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FIG. 1: D istributions of the neural network outpu ts for the search for a Higgs boson of mass m n  =  200 GeV, from CDF. 
The data  are shown as points w ith uncertainty bars, and the background predictions are shown stacked. The figures show 
the distributions for events w ith (a) zero, (b) one, and (c) two or more identified jets, respectively. The distributions are 
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FIG. 2: D istributions of the neural network ou tputs for the search for a Higgs boson of mass m n  =  200 GeV, from DO summed 
over all je t multiplicities, (a) shows the d istribution for the di-electron selection, (b) shows the d istribution for the electron- 
muon selection, and (c) shows the d istribution for the di-muon selection. The data are shown as points w ith uncertainty bars, 
and the background predictions are shown stacked. The background uncertainty is the post-fit system atic uncertainty. The 
fourth-generation signal, normalized to  the prediction of the low-mass scenario, is shown not stacked.
dictions. When setting limits on n iu  in the context of 
fourth-generation models, however, we include the uncer­
tainties on the theoretical predictions as described below.
Before computing the cross-section limits, we investi­
gate the properties of the signal and background predic­
tions in each bin of the analyses, as well as those of the 
observed data. Because there are many channels to com­
bine, we represent the data in a compact form by sorting 
the bins of each analysis by their signal-to-background 
ratio s/6, where s and 6 are the number of signal and 
background events, repetitively. The predictions and ob­
servations in bins of similar s/6 are then collected. For 
the m n  = 200 GeV search, the background subtracted 
data distribution compared with the signal prediction can 
be seen in Fig. 3. The background used and its uncer­
tainties are shown after fitting to the data. No significant 
excess is observed in the data, and the theory predicts a
measurable excess over the background.
The separate limits on cr(gg —> H) x B (H  —> W +W ~ )  
from CDF and DO are shown in Figs. 4(a) and 4(b), re­
spectively. Since CDF separates the different jet cat­
egories into separate channels, theoretical uncertainties 
on the relative contributions of the g g —>• H  signal in 
the separate jet channels [27] are included in the same 
way as signal acceptance uncertainties. The combined 
limits on a(gg —> H ) x B (H  —> W +W ~ )  are shown in 
Fig. 4(c) along with the fourth-generation theory pre­
dictions for the high-mass and low-mass scenarios. The 
uncertainty bands shown on the low-mass theoretical pre­
diction are the sum in quadrature of the MSTW 2008 
[28] 90% C.L. parton distribution function (PDF) uncer­
tainties and the factorization and renormalization scale 
uncertainties from Table 1 of Ref. [7], which are also re­
ported Ref. [17], giving a total uncertainty of 15% for
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FIG. 3: Background-subtracted data  distribution for the 
discrim inant histograms, summed for bins of s/6 , for the 
n i H  =  200 GeV combined search. The background is fit­
ted to  the data  under the background-only hypothesis, and 
the uncertainty on the background is the post-fit system ­
atic uncertainty. The signal, which is normalized to  the 
low-mass fourth-generation SM expectation, is shown w ith a 
filled histogram. The uncertainties shown on the background- 
subtracted  data  points are the square roots of the post-fit 
background predictions in each bin, representing the expected 
statistical uncertainty on the data.
m n  = 160 GeV. The scale uncertainties are determined 
by recalculating the cross sections with the scale multi­
plied by factors of 1/2 and 2. The scale uncertainties 
are independent of m u  and are similar to the uncer­
tainties for SM a(gg —> H) predictions [12, 29]. The 
PDF uncertainties, however, grow with increasing m u ,  
as higher-x gluons are required to produce more massive 
Higgs bosons.
In order to set limits on m u  in these two scenar­
ios, we perform a second combination, including the 
uncertainties on the theoretical predictions of a(gg —> 
H) x B (H  —» W +W ~ )  due to scale and PDF uncertain­
ties at each value of m u  tested. The resulting limits 
are computed relative to the model prediction, and are 
shown in Fig. 4(d) for the low-mass scenario, which gives 
the smaller excluded range of m u- In this scenario, we 
exclude at the 95% C.L. a SM-like Higgs boson with a 
mass in the range 131 - 204 GeV. Using the median lim­
its on cr(gg —> H) x B (H  —> W +W ~),  expected in the 
absence of a signal, to quantify the sensitivity, we expect 
to exclude the mass range 125 - 218 GeV. In the high- 
mass scenario, which predicts a larger B (H  —> W +W ~ )  
at high m n  than that predicted in the low-mass scenario, 
we exclude at the 95% C.L. the mass range 131 - 208 GeV 
and expect to exclude the mass range 125 - 227 GeV.
In summary, we presented a combination of CDF and 
DO searches for the g g —>• H  —>• W +W ~  process and set 
an upper limit on a{gg —> H) x B (H  —> W +W ~ )  as 
a function of m u- We compared these limits with the 
prediction of the minimal SM with a sequential fourth
generation of heavy fermions added on, and excluded at 
the 95% C.L. the Higgs boson mass range 131 < m u  < 
204 GeV, with an expected excluded range of 125 - 218 
GeV.
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TABLE I: The fourth-generation enhanced <r(gg —s- H ) listed in fb for the low-mass scenario described in the tex t with 
nidi =  300 GeV and nidi =  400 GeV along w ith the B (H  —s- W +W ~ )  for Higgs masses between 110 - 300 GeV. The 
uncertainty on the predicted cross section from variations in the PD F and factorization and renorm alization scale are also 
listed in percentage where these have been determ ined from the M STW  2008 90% C.L. uncertainty and by modification of the 
scale by factors of 1/2 and 2, respectively.
n iH a(gg H ) a(gg H ) uncert. uncert. uncert. uncert. BR (H  --¥ W + W ~ )1 BR (H  --¥ W + W ~
(GeV) nidi =  300 GeV nidi =  400 GeV PD F up(%) P D F down(%) fi up(%) fi down(%) nidi = 300 GeV nidi = 400 GeV
110 12384 12308 12 -11 12 -8 0.028 0.028
115 10798 10725 12 -11 12 -8 0.050 0.051
120 9449.9 9384.3 12 -11 12 -8 0.083 0.083
125 8298.8 8240.0 12 -12 12 -8 0.13 0.13
130 7314.0 7258.7 12 -12 12 -8 0.19 0.19
135 6465.1 6414.2 12 -12 12 -8 0.26 0.26
140 5731.4 5684.1 13 -12 12 -8 0.35 0.35
145 5094.6 5050.4 13 -12 12 -8 0.44 0.44
150 4540.5 4498.5 13 -12 12 -8 0.55 0.55
155 4055.6 4017.6 13 -12 12 -8 0.68 0.68
160 3630.2 3595.1 13 -13 12 -8 0.85 0.85
165 3253.7 3220.7 14 -13 12 -8 0.91 0.91
170 2924.1 2893.2 14 -13 12 -8 0.89 0.88
175 2633.9 2604.4 14 -13 12 -8 0.86 0.86
180 2376.7 2348.9 14 -13 12 -8 0.83 0.83
185 2147.2 2121.5 15 -13 12 -8 0.74 0.74
190 1943.9 1919.7 15 -14 12 -8 0.69 0.69
195 1763.2 1740.2 15 -14 12 -8 0.66 0.66
200 1601.8 1580.0 15 -14 12 -8 0.65 0.65
210 1328.1 1308.4 16 -14 12 -8 0.62 0.62
220 1107.7 1089.6 16 -15 12 -8 0.60 0.60
230 928.61 912.21 17 -15 12 -8 0.59 0.59
240 782.52 767.44 17 -15 12 -8 0.58 0.58
250 662.60 648.81 18 -16 12 -8 0.58 0.58
260 563.53 550.90 19 -16 12 -8 0.57 0.58
270 481.49 469.93 19 -16 12 -8 0.57 0.57
280 413.24 402.68 20 -17 12 -8 0.58 0.58
290 356.39 346.53 21 -17 12 -8 0.58 0.58
300 308.70 299.71 21 -17 12 -8 0.58 0.58
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TABLE II: The observed and median expected 95% C.L. upper limits on <r(gg —s- H ) x B (H  —y W +W ~ )  for rnn  between 
110 GeV and 300 GeV, obtained w ith the Bayesian and CLS methods. The ratio  of the observed and expected Bayesian 95% 
C.L. upper limits to  the <r(gg —> H ) x B (H  —y W +W ~ )  predictions of the low-mass fourth generation scenario are listed. 
Also listed are the a(gg —y H ) x B ( H  —y W +W ~ )  predictions of the low-mass and the high-mass fourth-generation scenarios 
discussed in the tex t for a fourth-generation down-type quark mass of 400 GeV. All limits and predictions are presented in pb.
m H
[GeV] Obs. Ratio Low Mass 
(Obs./4Gen)
Bayes








110 2.10 6.2 1.41 4.2 2.07 1.40 0.34 0.35
115 2.35 4.4 1.22 2.3 2.34 1.25 0.54 0.54
120 1.75 2.2 1.08 1.4 1.77 1.15 0.78 0.78
125 1.29 1.2 1.00 0.94 1.25 1.05 1.06 1.06
130 1.36 1.0 0.93 0.68 1.41 0.98 1.36 1.36
135 1.12 0.67 0.88 0.53 1.14 0.90 1.67 1.67
140 1.29 0.66 0.82 0.42 1.25 0.83 1.96 1.96
145 1.03 0.46 0.76 0.34 0.99 0.80 2.25 2.24
150 0.68 0.27 0.67 0.27 0.65 0.68 2.49 2.49
155 0.62 0.23 0.56 0.20 0.59 0.55 2.74 2.74
160 0.47 0.15 0.40 0.13 0.47 0.40 3.06 3.06
165 0.38 0.13 0.36 0.12 0.37 0.36 2.92 3.03
170 0.45 0.18 0.40 0.16 0.43 0.40 2.57 2.76
175 0.38 0.17 0.44 0.20 0.36 0.44 2.25 2.47
180 0.41 0.21 0.48 0.24 0.40 0.48 1.96 2.17
185 0.48 0.31 0.50 0.32 0.48 0.53 1.57 1.76
190 0.46 0.35 0.54 0.41 0.46 0.55 1.32 1.48
195 0.65 0.57 0.58 0.50 0.64 0.60 1.15 1.30
200 0.83 0.81 0.61 0.60 0.84 0.64 1.02 1.15
210 0.98 1.2 0.64 0.79 0.99 0.68 0.81 0.94
220 0.90 1.4 0.63 0.97 0.93 0.66 0.65 0.77
230 1.06 2.0 0.67 1.2 1.09 0.69 0.54 0.64
240 0.93 2.1 0.66 1.5 0.90 0.67 0.45 0.54
250 1.02 2.8 0.60 1.6 1.02 0.63 0.37 0.45
260 1.02 3.2 0.58 1.8 1.07 0.62 0.32 0.38
270 1.05 3.9 0.57 2.1 1.07 0.60 0.27 0.33
280 1.07 4.7 0.52 2.3 1.08 0.53 0.23 0.28
290 0.96 4.8 0.50 2.5 0.92 0.50 0.20 0.24
300 0.93 5.5 0.47 2.8 0.91 0.48 0.17 0.21
